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We, Mullard Limited, of Abacus House, 
33 Gutter Lane, London, E.C.2, a British 
Company, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to "semiconductor 
devices. 

In an article in the Proceedings of the 
Institute of Electrical and Electronic Engi- 
neers 1963 at page 1190 et. seq, bv S R 
Hofstein and F. P. Heiman there is described 
a semiconductor device in which current flow 
in the surface of a semiconductor body is 
controlled by the voltage applied to an in- 
sulated gate electrode on the surface Such 
_ a device is referred to as an insulated sate 
neld effect transistor and consists of a mono- 
20 crystalline semiconductor body of hi<*h bulk 
resistivity of one conductivity tvpe^havin* 
two low resistivity surface reaibns of the 
opposite conductivity type spaced anart in 
the body and forming two rectifying junc- 
tions with the bulk region of the body A 
conductive. layer is present on a dielectric 
layer on the surface of the bodv, with the 
conductive layer extending between the two 
surface regions. Ohmic contacts are made 
M) to the two low resistivity surface regions and 
the conductive layer. The dielectric layer 
may be produced by oxidation of the semi- 
conductor body. 

A voltage applied between the two surface 
regions biases one junction in the forward 
direction and the other junction in the re- 
verse direction; ii- two surface regions are 
[Price' 
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termed the source and drain recions, ana- 
logously to a junction type field"" effect de- 
vice. Current How between the two surface 40 
regions may be initiated and controlled by 
the voltage applied between the conducive 
layer, which is termed the gate electron, 
and the source region. The voltace applied 
to the gate electrode is of such polarity \\nt 45 
a surface channel of the opposite conduc- 
tivity type is induced between the two sur- 
face regions under the dielectric iaver and 
current liow occurs between the two" surface 
regions through the induced surface channel. 50 
This mode of operation is referred to as the 
enhancement mode because the current 
carrying surface channel is formed bv appli- 
cation of a voltage to the gate. 

An insulated "gate field effect transistor 55 
may be prepared which operates in the de- 
pletion mode; in this mode a current carry- 
ing channel is present at zero gate voltage 
and the concentration of charge carriers tn 
the channel is decreased by application of a 
gate voltage of appropriate polariiv. Such 
a device can also be operated in - the en- 
hancement mode bv increasing the concen- 
tration of charge carriers in the channel. In 
the depletion mode the device is comparable 65 
to a junction field eifect transistor in which 
the conductance of a current carrying chan- 
nel is reduced by the depletion layer of a 
reverse biassed P-N junction. An insulated 
gate field effect transistor may be operated 70 
as a vacuum tube analocue with a modulat- 
ing signal applied to the gate which has a 
nigh input impedance. 

*n operation the drain electrode is re- 
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versed biassed and the depletion layer ex- 
tends into the high resistivity substrate a 
greater distance than into the low resistivity 
drain region because of the lower conccntra- 

5 tion of charge carriers in the substrate. The 
wide depletion layer around the drain region 
causes the device to have a low output cap- 
acitance. The rate of change of depletion 
layer width (a) with source /drain voltage 

10 (V DS ) is high enough to cause the character- 
istics of the device to alter with the operat- 
ing voltage, to an undesirable extent for some 
applications. If a substrate of lower resis- 
tivity is used the rate of change 
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is reduced but the output capacitance is 
increased because of the narrower depletion 
layer. The minimum separation possible be- 
tween the source and drain resions is limited 

20 by the variations in device characteristics 
with V D s and imposes on upper limit on the 
4 gm' obtainable with the device. 

It is an object of the invention to provide 
a device in which a low output capacitance 

25 can be obtained together with a relatively 
small rate of change 
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It is a further object of the invention to 
provide a device in which a relatively close 
30 spacing of source and drain regions can be 
obtained with a small rate of change 



According to the invention a semiconduc- 
tor device comprises a mbnocrystalline semi- 

35 conductor body having a high resistivity re- 
gion of one conductivity type, two spaced 
surface regions of the opposite conductivity 
type at one side of the body forming the 
source and drain regions of an insulated gate 

40 field effect transistor, a dielectric layer on 
the surface of the body between the source 
and drain regions, a conductive gate elec- 
trode layer on the dielectric layer, ohmic 
contacts to the source and drain regions, an 

45 ohmic contact to the gate electrode layer, 
and a zone contiguous with the drain region 
having a concentration of active impurities 
such that in operation the width of the de- 
pletion layer extending into the material of 

50 the one conductivity type near the drain 
region in the vicinity of the said zone is less 
than the width of the depletion layer which 
would be formed in the absence of said zone. 


In one form said zone consists of a layer 
of the one conductivity type which is con- 55 
tiguous with the drain region and extends 
towards the source region, said layer having 
a lower resistivity than the high resistivity 
region of the one conductivity type. The 
layer of the one conductivity type may ex- 60 
tend between the source and drain regions 
and be contiguous with both of these re- 
gions. The iaycr of the one conductivity 
type may be situated between the high re- 
sistivity region of the one conductivity type 65 
and the dielectric layer. The layer of the 
one conductivity type may extend to a 
greater depth in the body than the source 
and drain regions. 

The high resistivity region of the one con- 70 
ductivity type may be contiguous with a 
low resistivity surface region of the one con- 
ductivity type which is spaced from the 
source and drain regions of the opposite con- 
ductivity type and provides a low resistance 75 
contact to the depiction layer associated with 
the junction between the drain and the ma- 
terial of the one conductivity type when 
the device is in operation. In such a device 
the layer of the one conductivity type may 80 
extend* to a greater depth in the body than 
the source and drain regions and be con- 
tiguous with the low resistivity surface re- 
gion of the one conductivity type. 

Between the layer of the one conductivity 85 
type and the dielectric layer there may be a 
second layer of the one conductivity type 
which is contiguous with the dielectric layer 
and with the first layer of the one con- 
ductivity type, the second layer having a 90 
resistivity which lies between the resistivity 
of said first layer and the resistivity of the 
high resistivity region of the one conductivity 
type. 

In another form of a device in accordance 95 
with the invention said zone is of the op- 
posite conductivity type, is contiguous with 
the drain region and extends in the direction 
of the source region, the zone having a 
concentration of active impurities character- 100 
isiic of the opposite conductivity type which 
is lower than the concentration of active im- 
purities characteristic of the one conduc- 
tivity type in the adjacent high resis- 
tivity region of the one conductivity 105 
type. The zone of the opposite con- 
ductivity type may surround the drain region 
within the body and separate the drain re- 
gion from the high resistivity region of the 
one conductivity type. 110 

Embodiments of the invention will now be 
described, by way of example, with reference 
to the accompanying diagrammatic drawings 
in which: 

Figures l{a), 1(b) and 1(c) each show in a 115 
vtrtical section embodiments of a device 
accordins to the invention; 

Figure 2 is an enlarged part of the vertical 
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sections of Figures 1(a) and (b) showing the 
positions of an inversion layer and a depic- 
tion layer which arc formed in operation of 
the device; 

5 Figure 3 shows vertical cross-sections of a 
semiconductor body at staccs in the manu- 
fact ure of the device shown in Figure 1(a); 

Figure 4 shows a vertical section of an 
embodiment of which is a modification of 

10 the device shown in Figure l(u); 

Figure 5 shows a vertical section of another 
embodiment; 

Figure 6 is an enlarged part of the vertical 
section of Figure 5 showing the position of 

15 a depletion layer which is formed in oper- 
ation of the device; 

Figure 7 shows vertical cross-sections of 
a semiconductor body at stages in the manu- 
facture of the device shown in Figure 5; 

20 Figures 8(a) and 8(b) show vertical sec- 
tions of further embodiments; and 

Figures 9(a) and 9(b) respectively show 
the depletion layer positions as a function 
of the applied Held across the drain /sub- 

25 strate junction of a prior art device and a 
device as shown in Figure 8. 

The device shown in Figure 1(a) comprises 
a resistivity P-type substrate 1 of mono- 
crystalline silicon containing a boron con- 

30 cenlration of approximately 10 u atoms. 
cm" 3 . Two W + -type surface regions 3, 4 
containing phosphorus at a surface concen- 
tration of approximately 10 20 atoms, cm" 3 
are contiguous with the substrate and a sur- 

35 face layer 2 of P-lype material containing 
boron at a concentration of approximately 
10 16 atoms cm"- 1 is contiguous with the sub- 
strate 1 and the two regions 3, 4. The 
regions 3 and 4 each extend to a depth in 

40 the body of approximately 3u and the sur- 
face layer 2 extends to a depth of approxi- 
mately 2u. The distance between the N + - 
type is 10/x and the length of each region is 
1mm. A dielectric layer 5 of silicon di- 

45 oxide is present on the surface of the layer 
2 and has a thickness 0.6/*. The layer 5 
extends over the P-N junctions between the 
iV + -type regions and the substrate. Ohmic 
contacts 8 and 7 to the regions and 3, 4 

50 respectively are present, the contacts having 
been formed by evaporating aluminium 
through a mask. A conductive layer 6 of 
aluminium is present on the dielectric layer 
5, the layer 6 having been formed simul- 

55 taneously with the contacts 7 and 8. Elec- 
trical connections to the ohmic contacts 7, 8 
and the conductive layer 6 are present. 

Tn the device shown in Figure Kb) the 
substrate consists of a P+-type region 1A 

60 and a P-type layer IB thereon. The spaced 
surface regions 3, 4 do not extend into the 
PMype region and the thickness of the P- 
type layer IB is approximately 1ft so that 
the regions 3, 4 are spaced from the PMypc 

65 region 1A by approximately 4//. 


The region 1A has a boron concentration 
of 10 17 atoms cm.* 3 and the layer IB a 
boron concentration of 5x 10" atoms cm -3 . 

In the device shown in Figure 1(c) the 
P-type region 38 in which the current carry- 70 
ing channel is formed extends beyond the 
WMype surface regions 41, 42 to and is 
contiguous with, the*P + -lypc region 37. The 
P~ -type region parts 39, 40 may be regarded 
as the remnant of the P-type layer IB of 75 
Figure 1(b) as the P-type layer 2 is moved 
down to extend to the PMype region 1A. 

The boron concentrations in the various 
regions are : 

P-lype (38) 10 18 atoms, cm.- 1 80 

P + -type (37) 10 ,; atoms, cm. -3 

PMype (39,40)5X10 U atoms. cm; : * 

Referring now to Figure 2. in operation 
the drain region 3 is made positive with re- 
spect to the source region 4, a positive volt- 85 
age is applied to the conductive layer 6 con- 
stituting the gate electrode to form an 
/V-type inversion layer in the surface layer 
2. The inversion layer is delineated by the 
chain line 11. The P-N junction between 90 
the drain region 3 and the substrate 1 is 
reverse biassed and the depletion layer ex- 
tends into the substrate 1 to a distance 
shown by the dotted line 9 and into the sur- 
face layer 2 to a position shown by the 95 
dotted line 10. 

There is a further depletion layer under 
the inversion layer 11, but this is not shown 
for reasons of claritv. The extension of the 
depletion layer into the surface layer 2 is 100 
less than the extension into the substrate 1 
because of the hisher concentration of 
charge carriers in the surface layer 2. Cur- 
rent flows between the source and drain 
through the inversion layer and part of the 105 
depletion layer in the surface layer. The 
device has an output capacitance almost as 
low as a device without a surface layer 2 
but the rate of change 

f da ) 

} 110 
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is relatively low because this parameter is 
determined by the doping in the depletion 
layer through which the current flows. The 
device may be used in the usual applica- 
tions for insulated gate field eilect transis- 115 
tors. 

The resion 1A of the device shown in 
Figure Kb) provides a low resistance path 
to the depletion layer surrounding the drain 
surface reeion and the current carrying chan- 120 
nel: this reduces the nower loss at high 
frequencies in the internal impedance 
between the drain surface region and the 
substrate. 
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In the device shown in Figure He) the 
extension of ihc region 38 of relatively low 
resistivity to contact the P H -type region 37 
provides' a low resistance path for capacitive 
5 current between the current carrying channel 
and the PMypc region 37 and reduces the 
power loss at high frequencies. 

The manufacture of the transistor shown 
in Figure 1(a) will now be described with 
10 reference to Figure 3. A substrate 1 of high 
resistivity monocrystalline silicon containing 
boron at a concentration of 10 M atoms cc.~ 3 
had a layer of silicon 2 epitaxially grown on 
one surface to a depth of 2/i; this surface 
15 layer contained boron at a concentration of 
10 16 atoms cm." 3 . This layer could alterna- 
tively be formed by the diffusion of boron 
into the substrate. A layer of silicon dioxide 
of 0.6/i thickness is grown on the surface 
20 layer 2 by oxidation in wet nitrogen at 
1200°C for 30 minutes. Windows arc then 
opened in the silicon dioxide layer using 
conventional photolithographic lechniques 
and phosphorus is diffused through the win- 
25 dovvs to give two A^-type surface regions 
3, 4 having a surface concentration of phos- 
phorus of 10-° atoms, cm." 3 . The structure 
at this stage is shown in Figure 3(b). 
Aluminium layers 6, 7 and 8 are de* 
30 posited on the silicon dioxide layer 5, the 
surface region 4 and the surface region 3 
respectively (Figure 3(c) Deposition of alu- 
minium is effected through a mask and the 
thickness of the layers 6, 7 and 8 is 0.3^. 
35 Electrical connections are made to each of 
the aluminium layers 6, 7 and 8. 

The device shown in Figure 4 is a modi- 
fication of the device shown in Figure 1 in 
that the P-lype surface layer 12 only extends 
40 a certain distance from the drain surface 
region 13. The surface layer 12 extends 3m 
from the drain surface region towards the 
source surface region. With a spacing of 
less than 10/* between the source and drain 
45 regions, the surface layer may extend less 
than 3/* from the drain surface region. The 
concentration of boron in the surface layer 
12 is 10 16 atoms, cm. -3 and may be formed 
by diffusion through a masking oxide layer 
50 which has been defined using photoresist 
techniques. In operation this device is simi- 
lar to the device shown in Figure 1; the de- 
pletion layer is narrower in the surface layer 
2 and the depletion layer has a contour 
55 similar to that of the depletion layer shown 
at 9, 10 in Figure 2. 

The device shown in Figure 5 comprises 
a high resistivity substrate 14. Two N + 
surface regions 15, 16 extend into the sub- 
60 strate from one surface thereof. A buried 
P-type layer 17 having a lower resistivity 
than the substrate 14 extends between the 
surface regions 15, 16. Between the buried 
layer 17 and a dielectric layer 18 there is 
65 a thin P-type surface layer 19 of high resis- 


tivity material. The thickness of the surface 
layer 19 is la and the width of the buried 
layer 17 is 2/x, the iVMype surface regions 
are formed by diffusion and extend to a 
depth of 4/i in" the substrate 14. The device 70 
may be prepared by epitaxial techniques 
similar to those described for the device 
shown in Figure 1. 

The manufacture of the device shown in 
Figure 5 will now be described with refer- 75 
ence to Figure 7. 

In Figure 7(a) there is shown a micro- 
crystalline silicon body 20 of P-type conduc- 
tivity containing boron at a concentration of 
10 M atoms, cm" 3 and having a hole 21 80 
formed in one surface by ultrasonic means. 
The hole has a depth of 5 a and a width 
of 15a. Using epitaxial techniques a layer 

22 of P-lype silicon with a concentration 

of boron of 10 16 atoms, cm." 3 and a layer 85 

23 of P -type silicon with a concentration of 
boron of 10 14 atoms, cm" 3 arc deposited on 
the monocrystalline substrate 20 to yield the 
structure shown in Figure 7(b). The epi- 
taxial layers are then ground away down to 90 
the chain line shown ^in Figure 7(b) using 
Alumina of approximately 0.5a particle size 

to give the surface structure shown in 7(c). 
Phosphorus is then diffused into the surface 
of the silicon body through openings in an 95 
oxide masking layer to form /V + -type dif- 
fused regions 24. 25 which have a surface 
concentration of phosphorus of 10 20 atoms. 
cm." 3 

In operation of the device the junction be- 100 
tween the drain region 16 and the P-type 
regions 14, 17, 19 is reverse biassed. Due 
to' the relatively higher concentration of 
charge carriers in the buried layer 17 the 
depletion layer indicated by the dotted line 105 
26 in Figure 6 extends a shorter distance, 
into this region than into the substrate 14. 
The depletion layer at the surface between 
the surface layer 19 and the dielectric 18 is 
narrower than the depletion layer in the sub- 110 
sirate 14 as shown in Figure 6. 

The device shown in Figure 8(a) com- 
prises a P-tvpe substrate 27 having a boron 
concentration of 10 16 atoms, cm." 3 , regions 
28, 29 on one surface, the region 29, in- 115 
tended as the drain region being formed in 
an W-type region 30 having a concentration 
of phosphorus of 10 14 atoms, cm. -3 . The 
reaion 30 has been formed by epitaxial de- 
position in an ultrasonically drilled hole in 120 
the substrate 27. 

Figure 9(a) shows the extension of the de- 
pletion layer associated with the drain/sub- 
strate junction of a prior art device in which 
the doping on the drain side of the junction 125 
is 10 =0 Honor atoms, cm." 3 and on the sub- 
strate side of the junction is 10 14 acceptor 
atoms cm"' 1 . Due to the lower doping in the 
P-type substrate the volume of the depletion 
layer in the substrate is much greater than 130 


surface 
buried 
regions 
d to a 
» device 
hniqucs 
device 


70 


lown in 
a refer- 75 

micro- 
conduc- 
alion of 
lole 21 80 

means, 
i width 

a layer 
ntration 

a la' 85 
ation 
sited on 
'ield the 

he epi- 
lown to 90 
>) ur^% 
icle 

in 7(c). 
surSce 

;s ifinp 95 
ype Jfif - 
surface 


;tioigfe- 100 
s P%pe 
d. fHue 

itlOtfchOf 

17N 

ttecF^* - 105 

disCphce 

trat w! 4 - 

bet&een 
ric % & is 

- 110 


a) ; ^ i- 

a fjj§k>n 
, regions 

29, in- 115 
>rmed in 
entration 
-\ The 
axial de- 
; hole in 120 

•f the de- 
a in /sub- 
in which 
junction 125 
the sub- 
acceptor " 
ng in the 
depletion 
iter than 130 



1,153,428 



r 


10 


in the drain region. Figure 9(b) shows the 
extension of the depletion layer associated 
with the junction between the N-typc region 
30 and the /Mype substrate 27 of the device 
shown in Figure 8(a). Due to the higher 
doping on the /Mype substrate side of the 
junction 33 (10 16 atoms, cm" 3 ) than on the 
W-type side of the junction 33 (10 14 atoms 
cm."' 1 ), the volume of the depletion layer in 
the substrate is much less than the volume 
of the depletion layer in the W-type region 
30. The output capacitance of the device is 
dependent upon the width of the depletion 
layer enclosing the reverse biassed P-N junc- 
tion 33. As previously mentioned the width 
of the depiction layer is dependent on the 
applied field. With a device having high re- 
sistivity substrate as shown in Figure 9(a) 
the distance x through which the edge of the 
depletion layer 35 moves for a change dV 
in the applied held is larger than the distance 
y through which the edge of the depletion 
layer 36 of the device shown in Figure 9(b) 
moves for the same change dV in the ap- 
plied field. Thus the rate of change 
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is less for the configuration shown in Figure 
9(b) than for the configuration shown in 
Figure 9(a). 

Thus the characteristics of the device are 
made less dependent upon the voltage V r)S 
applied to the device. The gate electrode 
in the device illustrated in Figure 8(a) ex- 
tends over the P-N junction between the sub- 
strate 27 and the region 30, which has a 
width of 3u between the region 29 and the 
substrate 27. 

The region 30 may be formed only at the 
surface of the substrate 27 and extending 
between the surface region 29 and under the 
gate electrode. In this case the output cap- 
acitance would not be decreased to such an 
extent as when the region 30 surrounds the 
region 29 and separates this region from the 
substrate 27. as shown in Figure 8(a) but a 
relatively low output capacitance is still 
obtained. Such an arrangement of the re- 
gions is shown in Figure 8(b) in which the 
region 30 is seen to extend between the 
region 29 and the substrate 27 only at the 
surface of the substrate. 

In Figure 5 the buried layer 17 may only 
extend 3« from the drain region 16. Al- 
though this embodiment may be difficult to 
prepare the effective section of the buried 
layer 17 is retained and in operation the 
device would have similar characteristics to 
the device illustrated in Figure 5. The dis- 
tance which the buried layer extends from 
60 the drain is not critical provided the deple- 


tion layer is always within the buried layer 
during operation. 

The device shown in Figure 8 may have a 
rccion extending from the drain recion to- 
wards the source region as illustrated in 65 
Figures I, 4 or 5. In this embodiment the 
substrate has an acceptor concentration of 
10' 5 atoms, cm. -3 and a thin surface layer 
with a depth of 1/i has a concentration of 
10 M atoms, cm." 3 and extends between the 70 
source and drain regions. The depletion 
layer in the thin surface layer is displaced in 
a manner similar to that shown for the de- 
pletion layer 26 in Figure 6 due to the higher 
charge concentration in the substrate. 75 

WHAT WE CLAIM IS: — 

1. A semiconductor device comprising a 
monocrysialline semiconductor body having 
a high resistivity region of one conductivity 
type, two spaced surface regions of the op- 80 
posite conductivity type at one side of the 
body forming the source and drain recions 

of an insulated gate field cifect transistor, a 
dielectric layer on the surface of the body 
between the source and drain regions, a con- 85 
ductive gate electrode layer on the dielectric 
layer, ohmic contacts to the source and 
drain regions, an ohmic contact to the gate 
electrode layer, and a zone contiguous with 
the drain region having a concentration of 90 
active impurities such That in operation the 
width of the depletion layer extending into 
the material of the one conductivity type 
near 'he drain region in the vicinity of the 
said zone is less than the width of the de- 95 
pletion layer which would be formed in the 
absence of said zone. 

2. A semiconductor device as claimed in 
Claim 1, wherein said zone consists of a 
layer of the one conductivity type which is 100 
contiguous with the drain region and extends 
towards the source region, said layer having 

a lower resistivity than the high resistivity 
region of the one conductivity type. 

3. A semiconductor device as claimed in 105 
Claim 2, wherein the layer of the one con- 
ductivity type extends between the source 
and drain regions and is contiguous with 
both of these regions. 

4. A semiconductor device as claimed 110 
in Claim 2 or Claim 3, wherein the layer of 

the one conductivity type is situated between 
the high resistivity region of the one conduc- 
tivity type and the dielectric layer. 

5. A semiconductor device as claimed in 115 
any of Claims 2 to 4, wherein the layer of 

the one conductivity type extends to a 
greater depth in the body than the source 
and drain regions. 

6. A semiconductor device as claimed in 120 
any of Claims 2 to 5, wherein the high resis- 
tivity recion of the one conductivity tvpe is 
contiguous with a low resistivity surface 
region of the one conductivity type which is 
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spaced from the source and drain regions of 
the opposite conductivity type and provides 
a low resistance contact to the depletion 
layer associated with the junction between 
5 the drain region and the material of the one 
conductivity type when the device is in oper- 
ation. 

7. A semiconductor device as claimed in 
Claims 5 and 6, wherein the layer of the 

10 one conductivity type extends to and is con- 
tiguous with the low resistivity surface re- 
gion of the one conductivity type. 

8. A semiconductor device as claimed in 
any of Claims 2 to 7, wherein between the 

15 layer of the one conductivity type and the 
dielectric layer there is a second layer of 
the one conductivity type which is con- 
tiguous with the dielectric layer and with the 
first layer of the one conductivity type, the 

20 second layer having a resistivity which lies 
between the resistivity of said first layer and 
the resistivity of the high resistivity region 
of the one conductivity type. 

9. A semiconductor device as claimed in 
25 Claim 1, wherein said zone is of the opposite 

conductivity type, is contiguous with the 


drain region and extends in the direction of 
the source region, the zone having a concen- 
tration of active impurities characteristic of 
the opposite conductivity type which is lower 
than the concentration of active impurities 
characteristic of the one conductivity type in 
the adjacent high resistivity region of the one 
conductivity type. 

10. A semiconductor device as claimed in 
Claim 9, wherein the zone of the opposite 
conductivity type surrounds the drain region 
within ihe body and separates the drain 
region from the high resistivity region of the 
one conductivity type. 

11. A semiconductor device substantially 
as herein described with reference to and as 
illustrated in Figure 1(a), Figure Kb), Figure 
1(c), Figure 4, Figure 5 or Figure 8 of the 
accompanying drawings. 

G. V CARCASSON, 
Chartered Patent Agent, 
Mullard House, 
Torrington Place, 
London, W.C.I. 
Agent for the Applicants. 
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